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artery to correct for kinking
Michiel H. F. Poorthuis, BSc, BA, Eelco C. Brand, BSc, Raechel J. Toorop, MD, PhD,
Frans L. Moll, MD, PhD, and Gert Jan de Borst, MD, PhD, Utrecht, The Netherlands
Background: The occasional need for shortening of the internal carotid artery (ICA) following carotid endarterectomy
(CEA) to correct for kinking is still controversial. Although several technical options have been suggested, the impact on
perioperative outcome remains unclear, and long-term clinical follow-up is lacking. Shortening by resection has a theo-
retical risk for a twisted anastomosis and subsequent ICA thrombosis. Posterior transverse plication (PTP) offers an
alternative shortening technique without the need for a new anastomosis. We aimed to assess the safety and patency of
CEA with concomitant PTP. Secondly, we aimed to provide an overview of different technical modalities for shortening
of the carotid artery in current literature.
Methods: Within the time frame of 2000 through 2011, 29 patients (mean age, 73.4 years) undergoing CEA with
additional PTP of the ICA and standardized patchplasty were retrospectively identiﬁed. Patient characteristics, surgical
procedural details, and both short- (<30 days) and long- (>30 days) term clinical and duplex ultrasound follow-up were
retrieved. Restenosis was deﬁned as $50% stenosis on duplex ultrasound. In addition, a literature search was performed
on different techniques for ICA shortening.
Results: Thirty-day outcome revealed no deaths or strokes. No postprocedural thrombosis or narrowing of the ipsilateral
ICA was observed. During follow-up (mean, 34.3 months; range, 3-125 months), one patient (4%) died of a non-
cardiovascular cause. Three patients (11%) developed ipsilateral neurological symptoms (1 stroke, 2 transient ischemic
attacks) after 5, 19, and 66 months follow-up, respectively. Of these, two patients (7%) had restenosis at the site of PTP.
Asymptomatic restenosis occurred in one other patient (4%) after 16 months.
Conclusions: Although the indications for additional shortening procedures following CEA need to be deﬁned, in this
small series, PTP as an additional shortening procedure of the ICA following CEA seems feasible and safe with no
additional periprocedural risk for narrowing at the plicature or thrombosis of the endarterectomy plane. However,
restenosis at the plicature may hamper the long term beneﬁt of carotid reconstruction. (J Vasc Surg 2014;59:968-77.)Kinking of the extracranial internal carotid artery (ICA)
is most often deﬁned as an angulation of one or more
cervical segments of the carotid artery due to elongation,
which may cause disturbances in the blood ﬂow to the
brain.1 The incidence of coiling and kinking in the general
population ranges between 10% and 16%.2,3 In patients
undergoing carotid surgery, a 5% incidence of kinking
has been reported.4,5
The need for additional shortening procedures to
correct for ICA kinking following carotid endarterectomy
(CEA) remains controversial. Although classiﬁcations
have been proposed, a clinically proven grading scale of
elongation severity is lacking.3,6 In other words, at present,
no objective guidelines if and how to correct for kinking
following CEA exist. The decision for an additional short-
ening procedure following CEA therefore is still based on
the intraoperative judgement of the operating surgeon.the Department of Vascular Surgery, University Medical Center
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://dx.doi.org/10.1016/j.jvs.2013.10.053In our series, in general, the carotid lesion was considered
to be related to ipsilateral neurological symptoms, while the
distal kinking was considered to be asymptomatic itself.
A theoretical advantage of shortening of the ICA
is an undistorted blood ﬂow to the brain to prevent
cerebrovascular insufﬁciency. However, a causal correlation
of a kinked ICA with cerebrovascular symptoms remains
unproven, while it is still unclear whether kinking solely,
or as a contributing factor, can cause neurological deﬁcit.
Head-turning movements in patients with a kinked ICA
may cause neurological symptoms.7-11 Secondly, as the
endarterectomized part of the ICA is thrombogenic, short-
ening the desobstructed part of the ICA may reduce the
risk of thrombosis.12 Shortening procedures applying
a resection with complete reanastomosis imply a theoretical
risk for narrowing or twisting and thus subsequent throm-
bosis of the endarterectomy plane. In 1967, Imparato et al
described a technique to shorten the origin of the vertebral
artery.13 Adapted to the ICA, this technique was referred
to as posterior transverse plication (PTP).14,15 PTP theo-
retically guarantees shortening without the risk of a twisted
anastomosis. Most of these studies focused on technical
aspects of the procedure, including perioperative outcome.
However, long-term clinical follow-up in terms of stroke
prevention and restenosis is lacking. Although the theoret-
ical principle for a shortening procedure of a ﬂoppy desob-
structed proximal ICA segment may be clear, from an
educational point of view, knowledge among vascular
Fig 1. Different types of elongation. A, Kinking; B, coiling; C, tortuosity.
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techniques is supposedly scarce.
Therefore, the aim of our present study was twofold:
(1) to review our single center experience with PTP to treat
severe kinking of the ICA following CEA; and (2) to
provide an overview of different technical modalities for
shortening of the carotid artery in current literature.Fig 2. Angiogram reveals severe elongation of the stenotic
internal carotid artery (ICA).METHODS
Deﬁnitions
Terms such as kinking, coiling, and tortuosity have been
proposed to describe the nonstraightened course of the ICA
due to elongation from carotid bifurcation towards the
carotid siphon at the base of the skull (Fig 1). Based on
angiographic ﬁndings, the course of the ICA was described
by Weibel and Fields to improve the comparability between
studies on different types of elongation. Kinking was
deﬁned as an angulation of one or more segments of the
ICA, being associated with a (functional) stenosis in the
affected segment,16-18 (Fig 1, A) and may be associated
with symptoms.6 Coiling is an elongation or redundancy
of the ICA resulting in an exaggerated S-shaped curve or
in a circular conﬁguration (Fig 1, B), and seems not be asso-
ciated with symptoms.6 Tortuosity is any S- or C-shaped
elongation or undulation of the course of the ICA (Fig 1,
C).16 In order to improve readability, for the remainder of
this article, we utilized the term “kinking” to indicate any
type of elongation, unless otherwise speciﬁed.
Patient selection
Our prospectively registered database on patients
undergoing carotid surgery in a single Dutch tertiary
vascular referral center (University Medical Center
Utrecht, the Netherlands) was retrospectively searched
within the time frame of January 2000 through December
2011. This study was conducted under approval granted by
the Medical Ethics Committee of the St Antonius Hospital.All patients provided written informed consent. They were
included for the present analysis, if an additional PTP was
performed following actual endarterectomy of the stenotic
ICA lesion. There were no patients in our cohort that
received a shortening procedure exclusively. Patients with
alternative shortening procedures other than PTP were
excluded, because the surgical records of these alternative
shortening techniques did not give sufﬁcient information
on the speciﬁc modality of shortening being performed,
Fig 3. Posterior transverse plication (PTP) as an additional shortening procedure following carotid endarterectomy
(CEA). A, Kinked interal carotid artery (ICA). B, Length arteriotomy to perform the endarterectomy. C, Sutures are
placed in longitudinal direction at the edges of the arteriotomy to create a posterior pouch, which is closed by
continuous sutures that are tied outside of the ICA. D, The lateral remainders are closed. E, Arteriotomy is closed with
a patch. F, The result of the PTP shortening of the ICA, creating a straightened ICA.
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would make our subanalysis unreliable. For the present
study, the guidelines for strengthening the reporting of
observational studies in epidemiology (STROBE) were
applied.19,20
Surgical procedure
Preoperative evaluation. Preoperatively, all patients
received dual imaging of the cerebropetal arteries. Patients
were initially evaluated by duplex ultrasound sonography
(DUS) with, in addition, either a magnetic resonance angi-
ography or computed tomographic angiography (Fig 2).
Signiﬁcant stenosis of the ICA was deﬁned as $70%
stenosis. All patients started preoperatively with dual anti-
platelet therapy, which is combined aspirin 100 mg once
daily and dipyridamol 200 mg twice daily lifelong.
Operative management. All patients preoperatively
received systemic antibiotics. Surgerywas performed according
to a protocolized approach, including general anesthesia,continuous cerebral monitoring using electroencephalo-
graphy, transcranial Doppler, and identiﬁcation of the vagus
and hypoglossal nerve. Systemic heparin was provided before
clamping the commoncarotid artery (CCA), ICA, and external
carotid artery (ECA). Longitudinal arteriotomywas performed
from the CCA into the ICA to provide adequate distal end
point visualization. The use of a shunt was based on ﬂat wave-
form tracing on electroencephalography as indicated by an
experienced clinical neurophysiologist. The atherosclerotic pla-
que was removed from the tunica media starting at the thickest
part of the plaque in distal and proximal direction. Following
plaque removal, heparinized physiologic salt is used to ﬂush
the desobstructed area and remove residual intima.
The indication to perform additional shortening of the
ICA was based on the surgeon’s intraoperative judgement
on the severity of ICA kinking after the artery was mobi-
lized and endarterectomy was performed. The need for
shortening was mainly considered to prevent postoperative
complications. As indicated, all patients in this series
Fig 4. Magnetic resonance angiogram (MRA) of the same patient
as illustration A, after the posterior transverse plication (PTP)
procedure. The desobstructed area and side of PTP can be
recognized as a broader part of the straigthened internal carotid
artery (ICA) distal to the bifurcation.
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approach (Fig 3, A and B). To correct for the relative
redundancy of the ICA, 7-0 Prolene sutures were placed
in longitudinal direction on the opposite edges of the arte-
riotomy to imbricate the artery wall creating a posterior
pouch (Fig 3, C and D). This created pouch was closed
by continuous sutures (Prolene 7-0) across the luminal
surface of the ICA, thereby creating the new arterial lumen.
The sutures were tied outside of the ICA to create a smooth
continuous internal surface. The lateral remainders of the
pouch were closed using one suture on each side to prevent
leakage following ﬂow restoration.
After PTP, the arteriotomy was preferentially closed
with an autologous saphenous vein patch or alternatively
with a bovine patch if a suitable venous patch was not avail-
able (Fig 3, E, F). Patch suturing was performed using
continuous running Prolene 6-0. Before ﬂow restoration,
the area of shortening and endarterectomy was ﬂushed
with heparinized physiological salt (Fig 4).
Postoperative follow-up
All patients had clinical evaluation for the occurrence of
neurological symptoms with combined DUS at the outpa-
tient clinic at predeﬁned intervals. From 2000 until 2004,all patients were evaluated by DUS at 3 and 12 months
after surgery. From 2004 until 2011, DUS was scheduled
at 3 and 12 months after surgery and at 12-month intervals
yearly thereafter.
Data collection
Baseline characteristics were collected from the surgical
records including: gender, age, CEA on contralateral side,
radiation therapy in neck area, cardiovascular risk factors,
presenting symptom, and degree of stenosis revealed by
DUS. Procedural characteristics including: side, whether
PTP was performed in primary or redo-CEA (>30 days
after primary CEA), reoperation (<30 days after primary
CEA), re-exploration (<24 hours after primary CEA),
and shunt and patch use.
Study end points
The primary end point comprised events in the ﬁrst
30 days after surgery: death and ipsilateral stroke. Secondary
end points included: (1) symptomatic or asymptomatic
thrombosis of the ipsilateral ICA; (2) any cardiovascular
death and/or ipsilateral stroke during follow-up; (3) any
ipsilateral transient ischemic attack (TIA) or amaurosis fugax
during follow-up; (4) restenosis deﬁned as $50% stenosis,
detected by DUS; (5) ipsilateral redo surgery of the ICA;
and (6) postoperative complications: temporary cranial
nerve palsy (CNP), deﬁned as any temporary palsy of
a cranial nerve at the operative side without an underlying
stroke or TIA, which was resolved at the ﬁrst outpatient
department evaluation three months postoperatively.
Literature search
A PubMed and Embase literature search was per-
formed to retrieve studies on shortening procedures
following CEA. The combinations of text words or its
synonyms that were used included: carotid artery OR
endarterectomy AND fold OR shortening OR plicature.
The reference lists of all relevant publications were searched
for additional studies, and Scopus was used to search for
article citations. Only English articles presenting original
treatment data per different type of shortening to correct
for kinking of the ICA with documented postoperative
outcome were included. Besides the articles describing
PTP, we only referred to the ﬁrst and the most recent pub-
lished article on different shortening procedures.
RESULTS
Within the study timeframe, a total of 1063 carotid
surgical procedures were performed. In 45 patients (4%),
any type of additional shortening procedure was per-
formed, of whom 31 (69%) patients underwent a PTP.
Two patients underwent aneurysm repair with additional
PTP and were excluded. Therefore, in total, 29 patients
undergoing 29 procedures were included in the present
study.
Patients’ characteristics. Of 29 patients (14 male)
with a mean age of 73.4 years (range, 57-88 years) at the
time of surgery, four patients had a medical history with
Table I. Patient characteristics
No.
(N ¼ 29)
% or
range
General
Number of male patients 14 48
Mean age at CEA (years) 73.4 57-88
CEA in medical history
on contralateral side
2 7
Radiation therapy in
neck area in medical history
4 14
Cardiovascular
risk factorsa
Mean body mass index 27.6 (n ¼ 28) 21.2-33.3
Diabetes mellitus type 1 0 NA
Diabetes mellitus type 2 6 21
Hypercholesterolemiab 20 69
Hypertensionc 21 72
Current smoking 12 41
Alcohol use 12 41
Ischemic cardiac diseased 12 41
Peipheral arterial disease 4 14
Presenting symptom
Stroke 6 21
TIAe 20 69
Amaurosis fugaxf 2 7
Restenosis (asymptomatic) 1 3
Asymptomatic 0 NA
ICA stenosis revealed by DUS
>99% 3 10
70%-99% 25 86
60%-70% 1 3
CEA, Carotid endarterectomy; DUS, duplex ultrasound; ICA, internal
carotid artery; NA, not applicable; TIA, transient ischemic attack.
aDetermined by patient history.
bDeﬁned as elevated serum-cholesterol or -triglycerides treated with drug(s).
cDeﬁned as high blood pressure treated with antihypertensive drug(s).
dIschemic cardiac disease in patient history before CEA is deﬁned as
myocardial infarction, angina pectoris, or percutaneous transluminal coro-
nary angioplasty or coronary artery bypass graft performed.
eIn one case, TIA was due to restenosis.
fIn one case, amaurosis fugax was due to restenosis.
Table III. Short-term outcome (<30 days after
posterior transverse plication [PTP])
No. (N ¼ 29a) %
Primary end points
Death 0 NA
Ipsilateral stroke 0 NA
Secondary end points
Thrombosis of the ipsilateral ICA 0 NA
TIA 0 NA
Amaurosis fugax 0 NA
Postoperative stenosisb 1 3
Reoperation 0 NA
Temporary CNP 3 10
CEA, Carotid endarterectomy; CNP, cranial nerve palsy; ICA, internal
carotid artery; NA, not applicable; TIA, transient ischemic attack.
aOutcome measures were present in four patients.
bIn this patient, a redo of CEA was performed >30 days after PTP because
of a residual stenosis.
Table IV. Long-term outcome (>30 days after posterior
transverse plication [PTP]) in follow-up
Outcome No. (N ¼ 28a) %
Cardiovascular death 0 NA
Non-cardiovascular death 1 4
Stroke 1 4
TIA 3 11
Amaurosis fugax 0 NA
Restenosis
50%-70% 1 4
70%-99% 2 7
>99% (occlusion) 0 NA
Redo CEA 3 11
CEA, Carotid endarterectomy; ICA, internal carotid artery; NA, not
applicable; TIA, transient ischemic attack.
aEvents were present in six patients.
Table II. Carotid endarterectomy (CEA) characteristics
No. (N ¼ 29) %
Side
Left 17 59
CEA performed
Primary 25 86
Re-exploration 1 3
Reoperation 0 NA
Redo 3 10
Shunt use
Indwelling shunt inserted 5 17
Patch use
Primary closure 4 14
Autologous vein 14 48
Bovine 9 31
Dacron 2 7
NA, Not applicable.
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are summarized in Table I. At presentation, 28 patients
were symptomatic, while one patient presented with an
asymptomatic high degree restenosis after CEA (Table I).
CEA characteristics. In 25 cases (86%), PTP was per-
formed during a primary operation, three patients (10%) in
re-do surgery and in one case (3%), the PTP procedure was
performed during a re-exploration. In this last patient,
compared with preoperative values, transcranial Doppler
showed a decrease in cerebral blood ﬂow after patch
closure without PTP. Intraoperative Doppler suggested
a stenotic lesion in the endartectomized area. A fold of the
posterior wall of the ICA was found during re-exploration
and was corrected with PTP, followed by an increase of
cerebral blood ﬂow by 40%. In ﬁve operations, a shunt was
used to secure the cerebral blood supply. After PTP, the
ICA was primary closed in four patients (14%), while nine
(31%) were closed with a Bovine patch, 14 (48%) with an
autologous saphenous vein patch, and two (7%) with
a Dacron patch (Table II).Short-term outcome. No procedural death or stroke
occurred. Mean length of stay in hospital until discharge
was 3.7 days (range, 2-15 days). No primary end points
Table V. Overview of posterior transverse plication (PTP) in literaturea
First author, year
Number of procedures Age,
mean or
median, years
30-day
stroke/death
Follow-up, mean
or median,
months (range)
Stroke/death/
vascular death
in follow-up
Restenosis
($50%) in
follow-up, No. (%)ICA CCA
Poorthuis, 2014 29 0 73.4 0/0 34.3 (3-145) 1/1/0 3 (11)
Falkensammer, 200722 3 9 74.9 0/0 10.7 (1-58) 0/0/1b 0
Ascher, 200114 82 0 76.5 0/1 13.8 (NA) NA 2 (2.4)
Makhdoomi, 199923 84 0 69 3c/1 5 (1-44) 0/0/2 2 (3.3)
Archie, 199921 147 0 NA 1/0 NA (NA-36) NA 10 (6.8)
Sottiurai, 199825 49 3 64 0/0 67 (8-129) 0/0/0 0
Van Damme, 199615 20 0 NAd NAd NAd NAd NAd
Lauterjung, 198024 12 1 NA 0/1b 6 (6-6) NAb 1b (8.3)
CCA, Common carotid artery; ICA, internal carotid artery; NA, not available; TIA, transient ischemic attack.
aData are reported as number of patients unless stated otherwise.
bBoth plication of the ICA and CCA are performed, but the outcome for ICA and CCA plication is not described per treatment modality.
cThree patients had a TIA or cerebrovascular accident with complete recovery at time of discharge from vascular surgical ward.
dThis article described several shortening procedures, but did not describe the outcome per treatment modality.
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tomatic thrombosis of the ipsilateral ICA was noted. No
other neurological sequelae were observed. Three patients
(10%) had temporary CNP: one facial nerve, one recurrent
nerve, and in one patient, both a temporary facial and
recurrent nerve palsy (Table III). All CNP were transient
and had completely resolved at 3-month follow-up.
Long-term outcome. Long-term follow-up was
available for 28 patients. One patient preferred to have
standard follow-up in the referring hospital. During
follow-up, with a mean duration of 34.3 months (range,
3-145 months), no patients died of a cardiovascular-related
cause, although, one patient died of a non-cardiovascular-
related cause. In total, three patients (11%) had any ipsi-
lateral neurological event during follow-up. Five months
after PTP, one patient had a minor ipsilateral stroke in the
presence of a $70% restenosis at the site of plicature, and
underwent ipsilateral redo surgery. Four months thereafter,
she had an ipsilateral TIA, but no restenosis was detected.
Another patient had a TIA in the presence of a $70%
restenosis at the plicature 19 months after surgery, and also
underwent ipsilateral redo surgery. A third patient had
a TIA, in absence of restenosis, after 66 months. Three
patients had a signiﬁcant restenosis of the operated ICA.
Besides the two symptomatic patients with $70% reste-
nosis as mentioned above, one patient had an asymptom-
atic 50% to 70% restenosis. One of these patients had
a restenosis at the distal end of the endarterectomy plane
with primary closure of the arteriotomy. Redo surgery was
performed in three patients: besides the two patients
mentioned above, one patient suspected of suffering a TIA
with residual stenosis of the ICA at the distal end point of
the endarterectomized zone in the ICA had redo surgery
42 days after the initial surgery in which primary closure of
the arteriotomy had been performed (Table IV).
Literature search. In total, 60 studies and case series
on shortening procedures were identiﬁed, of which 19
were included. Based on the current literature, four
groups of shortening procedures to correct for kinking
and/or elongation of the carotid artery could bedistinguished. First type is plication of the carotid artery
(Table V).14,15,21-25 The second type of shortening
techniques consists of a resection of the redundant
portion of the ICA or CCA and is often used following
eversion endarterectomy. After excision, an end-to-end
anastomosis of the ICA onto the ICA26,27 (Fig 5, A) or
the bifurcation17,28 (Fig 5, B) is performed, which is also
applicable after CEA with patch closure. Alternatively, an
end-to-end anastomosis of the CCA on the CCA29,30
(Fig 5, C), followed, if needed, by sacriﬁcing the ECA
or an interposition graft to restore the ﬂow in the ECA31
(Fig 5, D and E). End-to-side anastomosis of the ICA
onto the CCA, more proximally than the bifurcation26,27
(Fig 5, F), with end-to-side anastomosis of the ICA on the
ECA has also been described17,32 (Fig 5, G).
The third type of shortening involves a resection of the
kinked part of the vessel followed by interposition grafting
between the ICA and bifurcation with either an autoge-
nous greater saphenous vein or a polytetraﬂuorethylene
interposition graft17,33 (Fig 5, H).
The fourth type consists of correcting or reducing the
kink by transposition of the ICA. A slip of the sternocleido-
mastoid can be inserted beneath the ICA to decrease the
angulation31,34 (Fig 6, A) or anteposition of the ICA can
also be performed by positioning the digastric muscle
medial to the ICA, after sectioning the tendon next to
the hyoid bone, to keep the vessel ﬁxed in the desired posi-
tion35,36 (Fig 6, B). The kinked ICA can be attached to
surrounding muscle and the ECA to abolish the sharp
bend, not to straighten the kink completely.37 These tech-
niques have been criticized for not eliminating the arterial
elongation as the pathogenic factor allowing for a recurrent
kink.38
DISCUSSION
Our retrospective-assessed small case series shows that
PTP can be performed safely with no evidence for perioper-
ative thrombosis or narrowing of the endarterectomized
and plicated area. On the longer term, the beneﬁt of the
endarterectomy may be hampered by restenosis at the
Fig 5. A, Resection of a portion of the internal carotid artery
(ICA) and end-to-end anastomosis from the ICA onto the ICA.
JOURNAL OF VASCULAR SURGERY
974 Poorthuis et al April 2014site of PTP. Within the follow-up window of mean
34.3 months, restenosis at the PTP site was observed in
three (11%) cases, of which two presented with ipsilateral
neurological symptoms. In early cases of our series, primary
closure was applied, but standardized patch closure of the
arteriotomy is now part of the standard technique.
Compared with literature on standardized CEA with patch
closure, the percentage of restenosis in present study is
twofold as high.39 The plicature itself could be the cause
of this trend, but this cannot be proved because of the
small number of patients. Ballotta et al found atypical
and typical ﬁbromuscular dysplasia in histological analyses
to be causing pathologic changes in 56% of surgically
treated patients with carotid elongation.1 Macroscopically
unnoticed presence of ﬁbromuscular dysplasia may affect
the durability of the carotid procedure, and thus may affect
the higher than expected rate of restenosis associated with
correction for elongation in our series. Ideally, histological
analysis of the restenosis and overall vessel wall should be
performed to identify the pathophysiological mechanism
in restenosis in our patients.
Advantages of PTP. The advantages of PTP to
correct kinking are theoretically obvious. The turbulence
caused by kinking may lead to thrombosis and/or hyper-
plasia of the myointimal layer of the artery.40 After
removal of the plaque, the arterial wall may become
weakened and thinner.5 With plication, mismatch in
proximal and distal ICA lumen size is mainly avoided in
contrast to resection of the ICA with end-to-end anasto-
mosis. Moreover, reanastomosis may be troublesome
because of the thin and weakened wall of the kinked part of
the ICA. Estimating the length of the resection may be
challenging, and resection is irreversible. Otherwise, PTP is
still reversible in case the shortening proves to be either too
tight or too loose. Another important advantage of PTP
above resection with reanastomosis is the prevention of
theoretical twisting.
PTP in literature. PTP as a shortening procedure
has been applied both to the ICA,14,15,21-25 and to the
CCA.22,24,25 Different names have been used for the very
same surgical technique, “plication,”23-25 ﬁrst described
by Lauterjung et al, or “eversion plication shortening.”21
Falkensammer renamed this shortening procedure toB, Resection of a portion of the ICA and end-to-end anastomosis
from the ICA onto his origin on the bifurcation. C, Resection of
a portion of the common cartotid artery (CCA) and end-to-end
anastomosis from the CCA onto the CCA. D, The external
carotid artery (ECA) is sacriﬁced after resection of a portion of the
CCA and end-to-end anastomosis from the CCA onto the CCA.
E, After end-to-end anastomosis from the CCA onto the CCA
following resection of a portion of the CCA, a part of the ECA is
replaced by an interposition graft. F, End-to-side anastomosis
without resection of the ICA onto the CCA more proximally than
the bifurcation. G, Reconstruction with an end-to-side anasto-
mosis onto the ECA in patients with removal of a substantial
segment of the ICA, so that the ICA is too short for anastomosing
on to the bifurcation. H, Resection of the kinked part of the ICA
followed by interposition grafting.
Fig 6. A, A slip of the sternocleidomastoid muscle can be inserted beneath the internal carotid artery (ICA). B,
Anteposition of the ICA can also be performed by positioning the digastric muscle posterior of the ICA to keep the
vessel ﬁxed in the desired position.
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nique posterior transverse plication,15 which was adapted
by others.14
Over 11 years, in 4% of cases undergoing carotid
surgery in our vascular center, an additional shortening
procedure was performed. Shortening of the ICA is not
a very common procedure, but should be considered as
a relevant technique in the armentarium of the surgeon.
In the literature, no large prospective cohort studies,
systematic reviews, or randomized studies with clear indica-
tions for PTP were performed (Table V). Archie performed
PTP in 21.1% of patients who underwent CEA and found
a high rate of long-term restenosis compared with the non-
plicated group in his study of 6.8% vs 1.6% of the total
group. The rates were higher at 1 year and 3 years for
the plicated group, 13.7% and 19.7%, vs 1.1% and 3.1%
for the non-plicated group, respectively. The author
concluded that PTP should not be used liberally, but
should be limited to the 5% to 10% of CEAs with a clear
redundant portion of the endarterectomized ICA.21Two disadvantages of PTP have been raised. First, only
limited reduction of elongation may be achieved. On the
one hand, this is due to the PTP technique itself, on the
other hand, to the patient’s position with head turned
from the operating side during surgery. After the proce-
dure, with the head turned back in anatomical position,
the ICA consequently has the risk of residual kinking.
For this point, it is relevant to dissect the bifurcation and
the distal internal from the surrounding tissue so that the
artery “can ﬁnd its way” at the ﬁnal postoperative position
and is not ﬁxed by surrounding tissue. Nontheless, if the
performed plication is intraoperatively judged as insufﬁ-
cient, this may be corrected instantly as PTP is still revers-
ible, and larger plicature may be applied. Second, the rate
of restenosis development is said to be possibly higher
because of a rim, which could be created at the luminal
surface.15 The latter, however, is not clearly seen in the
literature (Table V). The rate of restenosis after PTP in
the present study (11%) is the highest reported rate
compared with the literature (range, 0% to 8.3%). In
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a safe perioperative (<30 days postoperative) death and
stroke outcome14,21-25 and comparable death and stroke
rate during long-term follow-up.
Indications to perform shortening to correct
kinking. Besides the fact that no articles clearly prove or
disapprove the need of shortening of the ICA in general
to prevent neurological symptoms, the most important
limitation of the present study is the lack of standard indi-
cations for PTP, other than the surgeon’s judgment. One
option for distinct indication to perform an additional
shortening procedure is to use the grades for kinking.
Metz et al divided kinking into three grades depending
on the angle between the two segments of the kink: Grade
1: <90, grade 2: <60, grade 3: <30.3 Saba et al studied
the association between the grade of kinking, detected by
multidetector-row computed tomographic angiography,
and neurological symptoms. They found that a kink with
an angle of <60 might be associated with neurological
symptoms.6 To the best of our knowledge, this grading
system has not been tested in prospective series yet.
CONCLUSIONS
Objective indications for shortening of redundant
carotid artery following endarterectomy are not available.
Shortening techniques are a relevant part of the armamen-
tarium of any specialist involved in surgical carotid revascu-
larization. PTP as an additional procedure following CEA
seems feasible with no additional periprocedural risk.
However, in the longer term, restenosis at the site of plica-
tion with or without symptoms may hamper the long-term
beneﬁt of carotid reconstruction.
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